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Presented here are the software adaptations developed by laboratory sci-

entists to process the space experiment data products from three experiments

on two International Microgravity Laboratory Missions (IML-1 and IML-2).

The challenge was to accommodate interacting with many types of hardware

and software developed by both European Space Agency (ESA) and NASA

aerospace contractors, where data formats were neither commercial nor familiar

to scientists. Some of the data had been corrupted by bit shifting of byte bound-

aries. Least-significant/most-significant byte swapping also occurred as might

be expected for the various hardware platforms involved. The data consisted

of 20 GBytes per experiment of both numerical and image data. A significant

percentage of the bytes were consumed in NASA formatting with extra layers

of packetizing structure. It was provided in various pieces to the scientists on
magnetic tapes, Syquest cartridges, DAT tapes, CD-ROMS, analog video tapes,

and by network FTP.
In this paper I will provide some science background and present the software

processing used to make the data usefld in the months after tile missions.

1 The Experiment

The experiments were focused on using interferometry to follow the full-field

time evolution of the density of liquid-vapor critical fluids[Wilkinson 1997]. Fig-

ure 1 provides an impression of the images we worked .with. Near the critical

point, pure fluids are very compressible, and density is very easily disturbed.

In addition the time to equilibrate the density diverges as one approaches the

critical temperature. Our goal was to quantify the time constants for expected

diffusive exponential relaxation to equilibrium.

In the Earth's gravity, g0, density relaxation is greatly influenced by buoyant

convection of the inhomogeneous density domains[Boukari 1995, Zappoli 1996,

Zhong 1995]. That limitation, in part, motivated this experiment to be executed

*The author is a Research Scientist in the Microgravity Fluid Physics Branch of the Micro-
gravity Science Division at NASA Lewis, Mail-Stop 500-102, 21000 Brookpark Road, Cleve-
land, OH 44135. Telephone: (216) 433-2075. E-maih aw@lerc.nasa.gov.
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Figure1: Sequenceof interferogramsfor a relaxationeventthat startedfrom
thebubbleanddropconfigurationof a two-phasestate.Theseimagesreflect
therelaxationof theresidualdensityinhomogeneityafterthethermostathas
stabilizedat 8.4mKabovethecriticaltemperature.

c

in spaceon-boardtheshuttle,wherethedc gravitylevelwasapproximately
10-6goandthevibrationlevel was less than 10-3g0 .

Experiments with substances at or near their liquid-vapor critical point

present demanding metrology challenges. For example, the required thermo-

stat provided temperature control in the vicinity of 45 °C with a stability of

+50 pK. There were also optical alignment issues that would require more dis-

cussion than is possible here.

Critical points have had a profound history in therniodynamics and sta-
tistical mechanics. It started with Andrews observation in 1869 that CO2 at

roughly 31 °C and 73 atmospheres became milky white[Andrews 1869]. It has
been found since, that all pure fluids, if they are chemically stable, at a unique

temperature and pressure for each fluid, exhibit the same behavior. Many ther-

mophysical properties of fluids either approach infinity or become vanishingly
small at critical points. Some examples are infinite heat capacity, thermal con-

ductivity, compressibility, thermal expansion, and bulk and shear viscosities.
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At thesametimefluidshavevanishingthermaldiffusivity,surfacetension,la-
tent heat,andspeedof sound. Thetheoryof this specialphasetransition
hasa foundationin commonwith theferromagnetic,super-fluid,andsuper-
conductingphasetransitions.Theuniversalityof this behaviorcontinuesto
stimulateresearch.

2 Analysis

The post-mission analysis entailed 1) plotting apparatus function for the seventy

six hours of operation per experiment to be sure that thermal and optical beha_,-

ior was satisfactory, and 2) converting interferometric digital video images into

optical phase maps. The apparatus numerical data consisted of temperature

readings, light intensity levels, detector settings, and engineering status param-
eters. It was sampled once per second, generating four variably interleaved

packets totalling -1800 bytes/second. The image data was sampled every six
seconds with 512x512 pixels at 6 bits per pixel in black and white. One six

second image file consisted of 262,164 bytes. Other bytes were generated by

NASA packetizing protocols.

2.1 Numerical Data

Numerical data conversion and plotting was done in the programming environ-

ment called GAUSS 1, a text based matrix language with useful canned functions

and plotting graphics. Given the quantity of data GAUSS' virtual memory ca-

pability was necessary. This work started when the scientists were working on

DOS PC's with 64 MB of RAM, which GAUSS used well. Today the author
works on a PC with LINUX, where GAUSS continues to be a workhorse.

The main part of the apparatus function data analysis was to dissect the

byte and bit-wise information from the unfamiliar file format generated by the

experiment apparatus and reformatted by NASA during transmission. One or

more hour long log files were read in as HEX bytes, unique packet header bit
patterns were found and indexed at byte addresses, and, using discrete byte

offsets from the packet headers, the bytes of the variables of interest were cap-

tured using string operations. There were 46 variables of interest with 1, 6,

8, 11, 16, 21, and 32 bit sizes. Each packet was time encoded since not all

packets came each second, nor in the same time order within a second. Also,

not all packets were intact, so fault tolerance was needed to recognize and dis-

card defective packets. That fault tolerance required the code to handle missing

values while not discarding stray data that was real. The fault tolerance was
not a-priori defined. So iterative code development on real post-mission data

was required. Some bit variables (status flags) were used to indicate range lev-

els needed to quantify other variables, thereby coupling variables from different
packets. Time was encoded as 11 bits to represent the universal tim(, (:ode

(UTC -- GMT) day, and 21 bits to represent UTC seconds in the day. For the

I(;AUSS, Aptech Systems, Maple Valley WA 98038, USA
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scientificusersit wasnecessaryto convertthat timeintomissionelapsedtime
(MET) andexperimentrun time (ERT)for all datapackets.Othervariable
formatswere"numberunsignedword","numberunsigneddoubleword",and
"numbersigneddoubleword".Two'scomplementarithmeticwasusedonthe
latterformat.In theendIEEEsingleprecisionfloatingpointandASCIIfiles
werecreatedforplottingandsharingwithco-investigators.Thearrayoperators
of GAUSSgreatlycondensedthesyntaxneededto writethiscode.

2.2 Image Data

The first stage of image processing required converting the mission data format

into a format suitable for image processing and moving all image files to a

massive NFS mountable file-server. In an image each pixel's intensity was stored

in 8 bits, where 2 bits were locked values. A single image contained packet

header ID bytes, 22 bytes of ASCII information to correlate an image with

science, and then all the odd tapster lines followed by all the even raster lines.

The image data exhibited the bit shifting of byte boundaries. A veteran hacker,

Bob Perry, at NASA Lewis wrote some mixed C and assembly codes to perform

bit shifts until image packet header ID bytes became visible, then stripped

NASA packetizing structures (which coul(t occur in tile middle of an image),
and finally created one file per image with a time code for the file name. Next

PV-\Vave '_ was used to view images confirnfing their quality and create files that

could be input into the commercial lens makers' testing software called FAST

V/AI 3. FAST V/AI was used to convert interferograms into optical phase maps.

It automatically found fringe centers, which are contours of constant phase,

assigned fringe orders, and used cubic spline interpolation to establish phase

values on a square array. (Today we do phase shifting interferometry with our

own C code for the intensity to phase conversion task.) After the conversion

to optical phase map arrays, GAUSS code was used to complete the analysis.

The following analysis of optical phase maps was more computational and less
string and byte manipulation intensive.

Typically twenty five two-dimensional arrays (phase maps) were created from

FAST V/AI to span each experiment event, ranging from forty minutes to seven

hours during the space experiment. In GAUSS the last phase map was array

subtracted from each of the earlier phase maps. These difference maps reflect the

deviation of the fluid density from equilibrium, (see Figure 2). The difference

nmps were linear least squares fit to a linear combination of circular Bessel
functions of the form

d(r, O, t) = Ao(t)fo(r) + E E [Bab(t)sin(aO) + Cab (t )cos( aO )]J. (kaf, r ), (1)
a=l b=l

where

f0 -- Jo(k01r) -- (g0(kolr))

2P\'-\Vave, Visual Numerics, Inc., Houston, Texas 77042-4548, USA

aFAST V/AI, Phase Shift, Technology, Tucson AZ 8r)706, USA

(2)
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Figure2: Timesequenceof differencephasemapsthat arefit to the linear
combinationof Bessel'sfunctions.Thesurfacesaredirectlyrelatedto thefluid
densitydeviationfromequilibrium.

a b c
ret)resents a mmss conserving form of the .lo mode. Mass conservation was a

t)hysi(:al constraint because the fluid sample was a closed (:ell. The (:oetficients

A, B, and C contained the time dependent weighting factors of the eigenmodes of

the thermal diffusion problem[Berg 1993]. Those time sequences of coefficients
were then non-linear least squares (maximum likelihood) fit to an ext)onential
()f the form

= K + H {e (-'/_) - e(-t"'_t/r)}. (3)tA(t), B(t),C(t)}

The trc/ accounted for the fact that the final image may not have been at the
fluid e(tuilibrium state even though the experiment run durations were roughly

5 time constants. K allowed for a possible noise offset in the sequence of coef-

fi('ients. K t,ypically was two to three orders of magnitude smaller than H. See

Figure 3.

This work was the first quantitative confirmation that classic heat diffusion

describes the long time equilibration of the unusual critical fluids as close as
1 mK to the critical temperature. Such a confirmation was not possible in

Earth's gravity.
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Figure3: Exampleof thetimerelaxationof somedensitymodesandtheir
exponentialfit to Eqn.3.
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